Background Intensive care unit survivors often have diminished health-related quality of life. Objectives To describe health-related quality of life of former intensive care patients and identify associated factors 6 months after hospital discharge. Methods Six months after discharge, 193 patients from an intensive care unit completed the Short Form-36 Health Survey; measures of sleep; Intensive Care Experience Questionnaire; Depression, Anxiety and Stress Scales; and Posttraumatic Stress Disorder Checklist. Norm-based scores were calculated for the Short Form-36. Bivariate associations with Short Form-36 scores were tested by using the Pearson correlation. Multiple linear regression was used to identify independent associations with health-related quality of life. Results All scores on the Short Form-36 (physical component summary, 41.8; mental component summary, 48.2) were less than population norms. Bivariate associations with health-related quality of life (P < .05) were scores on the Acute Physiology and Chronic Health Evaluation II, hospital length of stay, awareness of surroundings and frightening experiences, depression, anxiety, stress, posttraumatic symptoms, and sleep quality at 2 and 6 months. In linear regression, scores on the Acute Physiology and Chronic Health Evaluation II, hospital length of stay, and sleep quality at 6 months were independently associated with Short Form-36 physical summary scores (P < .001); depression and stress were independently associated with mental summary scores (P < .001). Conclusion Sleep, depression, and stress are potential targets for interventions to improve health-related quality of life and improve recovery.
Contrast the health-related quality of life (HRQOL)
of intensive care unit survivors to that of the general population. 2. Identify which aspects of patients' experiences in intensive care were related to physical and mental components of HRQOL. 3. Identify modifiable factors that affect HRQOL 6 months after ICU treatment in this population.
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H ealth-related quality of life (HRQOL) in critically ill patients who survive treatment in an intensive care unit (ICU) is lower than that of the general population. 1, 2 A systematic review 1 of 21 studies with a total of 7320 adult medical and surgical ICU survivors followed up for at least 6 months after discharge indicated that HRQOL was reduced in almost all assessed domains. The HRQOL often was lower than the patients' HRQOL before the index critical illness. However, the HRQOL of some patients before ICU admission, assessed by using a proxy or a retrospective self-report, was also lower than that of the general population. 1 Clinically meaningful improvements in most domains of HRQOL are often observed 6 to12 months after discharge, but scores remain lower than matched population norms for many patients. 1 Several more recent studies [3] [4] [5] [6] [7] [8] have also indicated that lower quality of life is a persistent problem for many survivors of critical illness and ICU treatment.
Lower than normal HRQOL in former ICU patients is associated with marked difficulty for them individually, as well as for their families and caregivers, the health care system, and society. [8] [9] [10] A study 8 of patients with multiple organ failure in 22 ICUs in the United Kingdom indicated that diminished HRQOL had an adverse effect on family employment and income; one-third of the families required support from government sources. In addition, one-quarter of the patients had decreased independence in activities of daily living and an increase in the use of health services.
Patient-related factors associated with reduced HRQOL in survivors of critical illness and intensive care have been reported. 4, 10 In a single-center investigation, 4 various aspects of HRQOL were associated with both nonmodifiable factors (age, previous employment status, life orientation optimism, acute disease category, and severity of illness) and potentially modifiable factors such as signs and symptoms of posttraumatic stress and anxiety. Age, sex, previous health status, and severity of illness at the time of admission to the ICU have also been reported as risk factors for reduced HRQOL. 10 This limited focus on risk factors for reduced HRQOL after intensive care treatment highlights a need for further investigation in this area both to characterize survivors of critical illness who would most benefit from targeted rehabilitation and support and to identify factors that are potentially modifiable during and after ICU treatment.
The purpose of this research therefore was to describe HRQOL 6 months after ICU treatment and to identify factors associated with HRQOL at 6 months. The specific aims were to describe HRQOL of critically ill patients who were treated in an ICU and to identify factors associated with the HRQOL of former ICU patients' 6 months after discharge from the hospital. This study was part of a larger cohort study 11 on patients' self-reported sleep quality in the ICU, after transfer from the ICU, and after discharge from the hospital, including factors associated with sleep quality 6 months after discharge. In this article, we provide detailed previously unpublished data on the HRQOL outcomes of the study sample.
Methods

Study Design
This investigation was a prospective observational study of patients admitted to 3 ICUs in Royal North Shore Hospital, a tertiary referral hospital in Sydney, Australia. In addition to measures of sleep quality, 11 patients completed self-report instruments on the intensive care experience 2 months after discharge and on psychological health and quality of life 6 months after discharge. The study was approved by the human research ethics committees of the Northern Sydney Local Health District and the University of Technology Sydney.
The hospital is a state-wide referral center for spinal and burn injuries. The ICUs were closed units with an accredited intensive care specialist physician responsible for management of all patients. The registered nurse to patient ratio was 1 to 1 for patients treated with mechanical ventilation and 1 to 2 for patients who required high-dependency care. The nurse performed all nursing care for the patient (including respiratory and ventilator care and renal dialysis, if required) and was supported by ancillary staff such as patient services assistants and unit clerks.
Patients were eligible to participate if they were 18 years or older; had an ICU length of stay of 2 or more nights; had adequate vision, hearing, and comprehension of the English language to complete study instruments; had been declared ready for discharge from the ICU; and were able to give informed consent. Capacity to give consent was assessed in discussion with the patient's nurse and on the basis of the patient's ability to understand the approved patient information sheet and sign the consent form. No systematic assessment for delirium was performed. Mechanical ventilation in the ICU was not an eligibility criterion. Patients who had a known history or evidence of sleep disorder, had not for resuscitation or escalation of treatment in place, or were receiving palliative care were excluded. All participants gave written informed consent in the ICU by using the approved information sheet and consent form; continuing consent was sought verbally at each data collection time after ICU discharge.
Measures and Data Collection
The Medical Outcomes Trust Short Form-36 Version 2 (SF-36) Health Survey 12 was used to assess HRQOL. This instrument is a validated generic measure with 1 item on current general health and 8 domains: physical functioning, effect of physical function on role (role-physical), bodily pain, general health, vitality, social functioning, effect of emotional health on role (role-emotional), and mental health. Norm-based scores for the scales are reported with published Australian population norms available, calculated on the basis of a distribution with a mean of 50 and an SD of 10.
13 Physical (PCS) and mental component summary (MCS) scores are derived by weighting all of the 8 individual domain scores by using coefficients from studies in the general population. Scores range from 0 to 100 for the domain subscales and component summary scores. Use of this instrument in survivors of critical illness has been reported widely, and the tool is recommended for studying this population. 14 The Intensive Care Experience Questionnaire (ICEQ) 15 was completed 2 months after discharge from the hospital. The instrument has 4 domains: awareness of surroundings (scores 9-45), frightening experiences (scores 6-30), recall of experiences (scores , and satisfaction with care (scores [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Higher scores indicate greater awareness, more frightening experiences, better recall of experiences, and greater satisfaction with care. The questionnaire has satisfactory reliability and demonstrated concurrent and predictive validity in former ICU patients. In this study, the Cronbach α values were 0.83, 0.73, 0.76, and 0.56, respectively, for the 4 domains.
The Depression Anxiety and Stress Scales (DASS -21) 16,17 are used to assess patients for depression, anxiety, and stress. Scores for each scale are from 0 to 21 and are doubled to correspond to the 0 to 42 range of the original DASS. The scales have established validity and reliability. 18 In this study, the Cronbach α values were 0.91 for stress, 0.74 for anxiety, and 0.92 for depression. The Posttraumatic Stress Disorder Checklist for a Specific Event (PCL-S) 19 ,20 contains 17 items that correspond to the criteria of the Diagnostic and Statistical Manual of Mental Disorders (Fourth Edition) 21 for posttraumatic stress disorder exhibited as reexperiencing, avoidance, and increased arousal. Total Total severity scores are reported on a continuous scale. The PCL-S has established reliability and vali dity. 19, 22 In this study, the Cronbach α value was 0.92. The instruments used to assess sleep included the Insomnia Severity Index (ISI), 23 validated for reporting on prehospital sleep quality. Scores range from 0 to 28; higher scores reflect worse sleep; scores of 15 or greater indicate moderate to severe insomnia. In this study, the Cronbach α value was 0.90. The Richards Campbell Sleep Questionnaire (RCSQ), validated for use in critically ill patients, 24 was used for patients' self-reports of sleep in the ICU and in the hospital. The questionnaire has five 100-mm visual analog scales for depth of sleep, falling asleep, wakefulness, going back to sleep, and overall sleep quality. Scores are averaged to obtain an overall score; higher scores indicate better sleep. In this study, the Cronbach α values were 0.91 in the ICU and 0.90 in the general hospital unit. The Pittsburgh Sleep Quality Index (PSQI), validated for use in community-dwelling respondents, 25 was completed by patients after discharge from the hospital to report sleep quality and habits during the preceding month. Higher scores indicate worse sleep; scores greater than 5 indicate poor sleep quality. In this study, the Cronbach α values were 0.71 at 2 months and 0.79 at 6 months.
In the ICU, patients completed the ISI on prehospital sleep quality and the RCSQ on their previous
The Medical Outcomes Trust Short Form-36 Version 2 Health Survey was used.
Patients completed the Pittsburgh Sleep Quality Index after discharge. night's sleep in the ICU. After 1 to 2 nights on the general unit, they again completed the RCSQ. After discharge from the hospital, patients completed the ICEQ and the PSQI at 2 months. At 6 months after discharge from the hospital, participants completed the PSQI again and the DASS, the PCL-S, 19 and the SF-36 quality-of-life survey. Clinical and demographic data were obtained from the patients' charts.
Characteristic
Procedure
Screening for eligible patients was done daily on weekdays for 8 months by using patient records and by consulting with the bedside nurses. Eligible patients were approached in the ICU before transfer to a general unit and were given verbal and written information about the study. Screening, recruitment, and data collection were conducted by 3 investigators (M.F., R.E., and S.M.). Consenting patients were assisted to complete the ISI on their prehospital sleep at home and the RCSQ on their sleep on the previous night; demographic and clinical data recorded were age, sex, score on the Acute Physiology and Chronic Evaluation (APACHE) II, 26 diagnostic category, and length of stay. Patients again completed the RCSQ on their previous night's sleep 1 to 2 nights after transfer to a general unit. After discharge from the hospital, the 2-month and 6-month questionnaires were mailed to participants along with return prepaid envelopes. If questionnaires were not returned within 2 weeks of the due date, participants were reminded by telephone and were assisted in completing the questionnaires by telephone if they preferred.
Data Analysis
Descriptive statistics, means and standard deviations, medians and interquartile ranges (IQRs), and frequencies and percentages were used to describe the sample and the results of quality-oflife, sleep self-reports, intensive care experiences, and psychological health. Norm-based scores were calculated for the 8 SF-36 subscales. Bivariate tests of factors related to quality of life 6 months after discharge were conducted by using the Pearson bivariate correlation or t tests. Factors found in bivariate analyses to be significantly associated with HRQOL (P < .05) were entered into 2 multiple linear regression analyses (enter method) with PCS and MCS scores of the SF-36 at 6 months as the dependent variables.
Results
Of 344 patients who satisfied the inclusion criteria, 65% were enrolled, and 193 respondents completed the SF-36 at 6 months (the number who completed the various instruments after ICU discharge varied). Patients' clinical and demographic characteristics are shown in Table 1 . Respondents' mean age was 59 years, and approximately one-third were women. The mean APACHE II score at admission was 13; the main reasons for admission to the ICU were cardiovascular and neurological diagnoses.
Six months after discharge from the hospital, participants reported on the SF-36 that, in general, their health was excellent (8.8%), very good (19.7%), good (41.5%), fair (16.3%), or poor (8.3%). The percentages and norm-based scores on the 8 domains of the SF-36 are shown in Table 2 , together with the Australian population normative data for percentages and norm-based scores, 13 including PCS and MCS scores.
Mean scores for patients' experiences in the ICU (ICEQ) were 36.9 (SD, 5.8) for awareness of surroundings, 13.0 (SD, 4.7) for frightening experiences, 17.2 (SD, 4.4) for recall of experiences, and 14.6 (SD, 2.9) for satisfaction with care. Mean scores on the DASS were 9.17 (SD, 9.7) for depression, 5.6 (SD, 6.3) for anxiety, and 9.2 (SD, 9.7) for stress; the mean PCL-S score was 26.4 (SD, 10.7) for posttraumatic stress signs and symptoms. The mean ISI score for sleep at home was 7.7 (SD, 7.1); the mean RCSQ sleep quality scores were 47. 13 All values are mean (SD).
4.5) at 2 months and 7.4 (SD, 4.7) at 6 months after discharge. Bivariate associations for HRQOL (PCS and MCS) with clinical, demographic, and psychological factors; intensive care experiences; and sleep are shown in Table 3 . Significant correlations with the PCS were as follows: day 1 APACHE II scores: hospital length of stay; ICEQ awareness of surroundings and frightening experiences; DASS depression, anxiety, and stress; PCL-S total scores; PSQI total sleep quality at 2 months; and PSQI total sleep quality at 6 months. Higher ICEQ awareness of surroundings was associated with higher PCS scores; all other relationships were negative; PCS scores decreased in relation to each of the significant variables. Significant positive correlations with the MCS were ICEQ awareness of surroundings, recall of experiences, and satisfaction with care. Significant negative associations with MCS were female sex; ICEQ frightening experiences; DASS depression, anxiety, and stress; PCL-S total scores; PSQI total sleep quality at 2 months; and PSQI total sleep quality at 6 months.
Factors reported in Table 3 that were significantly associated (P < .05) with the PCS and MCS scores were entered into 2 separate multiple linear regression analyses. Preliminary analyses indicated no violations for assumptions of normality, linearity, multicollinearity, and homoscedasticity. The PCS model was significant (F = 9.337; P < .001) and accounted for 37% of the variance (r 2 = 0.367); day 1 APACHE II scores (β = -0.147; P = .03), hospital length of stay (β = -0.310; P < .001), and PSQI sleep quality at 6 months (β = -0 362; P = .001) were significant. The MCS model was also significant (F = 24.303; P < .001), explaining 63% of the variance (r 2 = 0.626); DASS depression (β = -0.568; P < .001), and DASS stress (β = -0.251; P = .003) were significant. Thus, APACHE II scores, hospital length of stay, and sleep quality were independently negatively associated with PCS, whereas depression and stress were independently negatively associated with MCS.
Discussion
The HRQOL of former ICU patients in this study was lower in all domains than that of the Australian population as indicated by normative data. We found bivariate associations of the PCS with severity of illness on ICU admission, awareness of surroundings and frightening experiences in the ICU, depression, anxiety, stress, and posttraumatic stress signs and symptoms reported 6 months after discharge and self-reported quality of sleep 2 months after discharge. The MCS was positively associated with awareness of surroundings and recall of experiences and satisfaction with care in the ICU, whereas negative associations were noted for female sex, frightening experiences in the ICU, depression, anxiety, stress, and posttraumatic stress signs and symptoms and for self-reported sleep quality 2 and 6 months after discharge. Severity of illness, length of stay in the hospital, and quality of sleep at 6 months were independently associated with physical health; mental health was independently associated with depression and stress at 6 months.
The greatest differences between the SF-36 scores of study participants and Australian normative scores were in the domains of physical functioning, role-physical (effect of physical health on role) and role-emotional (effect of emotional health on role), with differences of 20 or more on the percentage scores and 10 or more on norm-based scores. A PCS difference of almost 9 between the study score and population norms was also noted. The norm-based HRQOL scores 6 months after discharge were similar to those in other recent Australian studies 5, 7 with reports of SF-36 scores at 6 months in which the scores were similar in all domains and scores related to physical function were the lowest. Notably, in those studies, 5,7 participants had higher severity of illness, with APACHE II scores on ICU admission of 20 and 18, and longer lengths of stay in the ICU and hospital. In contrast, markedly lower SF-36 physical functioning and role-physical scores were reported in a recent multicenter study 8 in the United Kingdom; the APACHE II mean scores were 30 or higher, median length of ICU stay was 8 days, and median length of hospital stay was 29 days.
The independent associations of HRQOL physical function with severity of illness at ICU admission and length of stay are consistent with the findings of previous studies.
1,4,10 Association of sleep after ICU treatment with HRQOL has also been reported, 11, 27 including association specifically with physical function. 28, 29 Association of poor sleep or insomnia with reduced HRQOL has been reported in many populations; the patterns observed suggest that sleep problems adversely affect HRQOL, after adjustments are made for physical and mental health comorbid conditions. 30 However, the direction and potential mechanisms of this association have not been studied in ICU survivors and require further investigation.
Depression is common in survivors of critical illness, 2,31 including associations with HRQOL. 31, 32 However, signs and symptoms of stress after critical illness have been reported infrequently, most likely because stress is less often specifically measured. 5, 33 In one study, 11 the level of stress 1 week after hospital discharge was associated with mental health at 6 months. In our study, depression and stress at 6 months were both associated with mental health at 6 months. Because few studies have been done in critically ill patients with stress as a specific outcome measure, further research on this construct may ultimately benefit these patients.
Our study had some limitations, including use of a single center and a sample with relatively low severity of illness scores and short ICU stays. The self-report measures we used have inherent limitations; however, all of the measures have been validated for the purposes for which they were used and were feasible for addressing the aims of the study. Factors in the ICU potentially relevant to HRQOL outcomes, such as pain, sedation, and delirium, were not measured. Chronic health and organ failure status were also not determined and therefore could not be controlled for during analyses. These factors may have influenced our findings, although clearly the ICU length of stay for this cohort suggests that organ failure and comorbid conditions probably were not a clinically meaningful issue. Importantly, despite the limitations, we found significant deficits in HRQOL. Our study is one of few on prospective measurement of potentially modifiable patient factors that affect HRQOL in ICU survivors; thus, our findings are an important contribution to the small amount of knowledge on this topic.
Conclusion and Implications for Practice
Our results further characterize survivors of critical illness who would most benefit from rehabilitation and support, helping identify subgroups of patients who should be targeted for early www.ajcconline.org AJCC AMERICAN JOURNAL OF CRITICAL CARE, January 2016, Volume 25, No. 1 rehabilitation interventions, as recommended by some investigators. 34, 35 We also identified factors that are potentially modifiable during and after an ICU stay, including sleep, depression, and stress, as potential targets for interventions to improve the quality of life and reduce the difficulty of recovery for survivors of a critical illness.
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